DCAD of 140 and 45 mEq/kg. The diets were fed from d 107 of gestation to weaning in Exp. 1 and from d 111 of gestation to weaning in Exp. 2. Sows were allotted based on parity and their farrowing date.
Experiment 1 was a preliminary experiment to determine the level of DCAD that reduced urinary pH. Reducing DCAD did not affect sow reproductive responses. Urinary pH was linearly decreased (P < 0.001) as DCAD decreased in the diet. Reducing DCAD tended to linearly increase (P = 0.15) plasma Ca concentrations.
In Exp. 2, reducing DCAD from 140 to 45 mEq/kg reduced ADFI from d 111 of gestation to d 1 postfarrowing (P < 0.02), but ADFI was not affected by DCAD during any other period. Reducing DCAD did not affect reproductive performance of the sows nor litter response variables or plasma Ca. Decreasing DCAD in the diet decreased urinary pH (P < 0.001). Twenty-seven sows fed the PC diet and 21 sows fed the reduced DCAD diet during the previous lactation were evaluated during their subsequent farrowing. Sows that were fed the reduced DCAD diet had increased total number of pigs born (P < 0.08) and pigs born alive (P < 0.02) in the subsequent farrowing. Changing DCAD had little affect on sow and litter response variables in the current lactation, but it decreased urine pH (P < 0.001), and increased total number of pigs born (P < 0.08) and pigs born alive (P < 0.02) in the subsequent farrowing. is the difference between strong fixed cations and strong fixed anions. The differences in ions are used to determine the relationship between strong cations and anions and to predict whether the diet will elicit an acidic or alkaline response when fed to the animal.
Postparturient paresis (milk fever) is a problem in the dairy industry. Altering DCAD is important in dairy nutrition. SoyChlor (SC) is an anionic salt feed additive that contains CaCl 2 and
HCl. This anionic salt is commonly fed to dairy cattle to make the diet more acidic, thereby preventing milk fever. Individual cases of milk fever differ between herds, but approximately 5 to 7% of adult dairy cows in the United States are afflicted (Jordan et al., 1993) . Cows afflicted with milk fever have reduced feed intake, reduced urination and defecation, and if left untreated, cows become comatose and die (Horst et al., 1997) . Milk fever contributes to a severe economic loss because milk production declines in the subsequent lactation (Block, 1984) and it is expensive to treat due to medication and veterinarian visits (Block et al., 1989) . Sows usually are not afflicted with milk fever, but urinary tract infections can cause the swine industry to suffer economic loss due to reduced herd health. The purpose of this research was to determine if reducing the dietary cationanion difference in the diets would affect sow productivity when fed during late gestation and in lactation.
General
Anionic salts have an increased amount of Cl -and S -in relation to Na + and K + . These four ions are the most important in determining the effects of diet on systemic cation-anion balance (Oetzel et al., 1991 and HCl). Hydrochloric acid is a powerful acidifier, therefore less has to be added to the diet to achieve the same results as a less potent anionic salt (West Central Soy). As early as the 1960's, researchers have observed the importance of manipulating DCAD of feedstuffs to reduce the incidences of postparturient paresis (milk fever) in dairy cows. Milk fever is a metabolic disorder that is triggered by the onset of lactation. After parturition, the cow's Ca stores become imbalanced because the cow's demands for Ca exceed her available resources (Purina Dairy News, 2000) . The cow's plasma Ca concentration declines due to Ca being lost to colostrum. Milk fever is more prone to develop when a high DCAD diet is consumed during the last three weeks of pregnancy. Literature suggests that diets high in cations tend to induce milk fever, whereas diets high in anions prevent it (Block et al., 1984; Tucker et al., 1991; Goff et al., 1998; Riond, 2001) .
Research shows that reducing DCAD minimizes the risk of milk fever by lowering intestinal pH, which affects the amount of Ca absorbed . Goff et al. (1998) conducted a study involving HCl and milk fever prevention. They concluded that cows fed HCl (1.5 eq/d) had increased feed intake before calving, increased plasma Ca concentrations, and decreased urinary pH compared to cows fed the control diet. Other research indicates that anionic salts reduce palatability, thereby reducing feed intake (Yen et al., 1981) . Goff et al. (1998) indicated that adding
HCl to the diet reduced the risk of milk fever. Two experiments were conducted with cows evaluating the effect of cation-anion balance on milk fever (Block, 1984) . In the first study, two diets (+33.05 mEq/kg and -12.85 mEq/kg DM) were fed for two years. They reported no differences in feed intake, but cows fed the cationic diet had 47.4% greater incidence of milk fever, while cows fed the anionic diet had no incidence of milk fever. In the second study, Block et al. (1989) fed four diets (400, 200, 100, and 50 mEq/kg DM) to prepartum cows. They concluded that feed intake was lower in cows fed 200 mEq/kg prepartum, but at parturition, feed intake was similar across all treatments. They concluded that decreasing DCAD below the control diet reduced the risk of milk fever. Plasma Ca concentration was increased in the blood when the DCAD was reduced. mEq/kg) of DCAD and reported that growth and feed intake were similar for the positive DCAD, but the negative DCAD diets reduced growth and feed intake. Yen et al. (1981) fed three diets; 1)
Control, 2) 4% CaCl 2 + 2.22% Na 5 P 3 O 10 , and 3) 4% CaCl 2 + 2.03% NaHCO 3 to finisher pigs. Diet two (4% CaCl 2 + 2.22% Na 5 P 3 O 10 ) decreased ADFI which resulted in a decrease in ADG and G:F.
Plasma Cl -concentrations were increased from 100 to 112 mmol/L in pigs fed 4% CaCl 2 + 2.22% Na 5 P 3 O 10 , which may be a reason for the decrease in feed intake. The increased plasma Cl -concentrations may cause body fluid to become acidogenic, which may reduce feed intake. Austic et al. (1983) fed grower pigs a range of DCAD (-100, 0, 100, 200, 300, and 500 mEq/kg) and reported no differences in ADG or G:F when these DCAD diets were fed.
Conclusions
Further research is needed before specific recommendations can be made regarding optimal DCAD in rations for swine. Research indicates that feeding anionic diets to prepartum and postpartum dairy cows increases plasma Ca, decreases urinary pH, and does not affect feed intake.
More research in swine is needed to determine if reducing DCAD will have positive effects on feed intake and plasma Ca concentrations.
THE EFFECT OF DIETS VARYING IN DIETRY CATION-ANION DIFFERENCE FED IN LATE GESTATION AND IN LACTATION ON SOW PRODUCTIVITY Introduction
Increasing sow and litter performance during lactation is vital to the swine industry (DeRouchey et al., 2003) . Sow litter size has increased during the last decade (Agric. Ltd, 2003) .
This increase in litter size has increased the demands for milk production. Unlike dairy cows, milk fever is not a major problem in the swine industry. However, during late gestation and lactation, sows can become constipated, which causes difficulties in farrowing. Excess constipation can cause reduced feed intake and this leads to a reduction in milk production, which decreases litter growth.
Swine nutritionists are evaluating altering DCAD in sow lactation diets (DeRouchey et al., 1998) .
Sows are prone to urinary tract infections, and anionic salts are increasingly being fed to sows to reduce urinary pH, which may in turn decrease urinary tract infections (DeRouchey et al., 2003) .
Calcium chloride (CaCl 2 ), potassium chloride (KCl), and magnesium sulfate (MgSO 4 ) are mineral compounds that can easily be added to sow diets to decrease urine pH. Research shows that by incorporating anionic salts into the diet of prepartum dairy cows, urinary pH decreases, Ca metabolism is improved, and milk fever is prevented. However, minimal research has been conducted on DCAD and its effects on sows during lactation and on reproductive performance.
Therefore, the objective of this experiment was to determine the effects of decreasing DCAD on sow productivity. Diets fed during both experiments were formulated on a total AA basis from analyzed AA values for SoyChlor (SC, West Central Soy; Appendix C) and NRC (1998) values for corn (C) and soybean meal (SBM). Proximate analysis and NDF were conducted on SC for calculation of ME.
Materials and Methods

General
Metabolizable energy was calculated using Noblet's equations (Appendix B). The equation that was used to determine DCAD levels in the diets is in Appendix B. The diets were formulated to 3,300 kcal/kg ME and 1.02% Lys. The diets met or exceeded 105% of the requirement (NRC, 1998) for lactating sows anticipating no lactation weight loss with pigs gaining 250 g/d. Dietary treatments (Table 3 .1) for Exp. 1 consisted of a positive control (PC) C-SBM diet and a C-SBM diet plus 1.5, 2.5, and 3.5% SC to achieve DCAD of 140, 99, 75, and 45 mEq/kg. In Exp. 2, dietary treatments consisted of the same PC C-SBM (140 mEq/kg) and C-SBM diet with reduced DCAD (45 mEq/kg).
Sows were weighed and moved into the farrowing house on their respective date of gestation, and from this point forward, the treatment diets were started and continued through weaning. Upon ADFI, ADG, and G:F prefarrowing, during lactation, and overall; lactation length, days to estrus, total number pigs born, pigs born alive, stillbirths, and mummies.
Litter Response Variables
The litter response variables were live and total birth weights, number weaned, number nursed, initial litter weight after cross-fostering, initial litter weight adjusted for mortality, final litter weight, litter weight gain, and percent survivability.
Statistical Analysis
Data were analyzed by ANOVA procedures appropriate for a randomized complete block design (Steel and Torrie, 1980) 
Results
Experiment 1
Experiment 1 was a preliminary study conducted to determine the optimum level of SC needed to change DCAD to reduce urinary pH. The results from Exp. 1 indicate that DCAD had little effect on sow (Table 3 .2) and litter response (Table 3. 3) variables. As DCAD decreased, ADFI during lactation (P < 0.08) and overall (P < 0.06) increased linearly. As DCAD decreased in the diets, urinary pH linearly decreased (P < 0.001). Reducing DCAD tended to linearly increase (P = 0.15) plasma Ca concentrations. The results indicate that changing DCAD to 45 mEq/kg had the greatest decrease in urine pH (Table 3 .4), and this DCAD was used in Exp. 2.
Experiment 2
Sow Response Variables. In Exp. 2 (Table 3. Litter Response Variables. Reducing DCAD (Table 3 .6) tended to result in a higher number of pigs weaned (8.79 vs. 8.43), but the effect was not significant (P = 0.18). Reducing DCAD tended to increase initial litter weight adjusted for mortality, but the effect was not significant (P = 0.13).
Also, percent survivability of pigs nursing from sows fed the reduced DCAD diet tended to be higher (89.42 vs. 85.77), but the effect was not significant (P = 0.19). Feeding reduced DCAD diets did not affect live and total birth weights, number nursed, initial litter weight after cross-fostering, final litter weight, or litter weight gain (P > 0.10). Sows fed reduced DCAD (P < 0.001) had decreased urinary Dietary cation-anion difference was achieved by adding SoyChlor at 0, 1.5, 2.5, and 3.5% of the diet, respectively. Treatment means were reported using lactation length as a covariate.
k P values are only reported for the response variables that used covariates. Dietary cation-anion difference was achieved by adding SoyChlor at 0, 1.5, 2.5, and 3.5% of the diet, respectively. h Treatment means were reported using lactation length as a covariate. i Treatment means were reported using initial litter wt (ACF) as a covariate. j Treatment means were reported using nursed as a covariate. Dietary cation-anion difference was achieved by adding SoyChlor at 0, 1.5, 2.5, and 3.5% of the diet, respectively.
c Urinary pH = an average of two urine samples were taken on two consecutive days from each sow 11 ± 2 d postfarrowing. Dietary cation-anion difference was achieved by adding SoyChlor at 0 and 3.5% of the diet. Dietary cation-anion difference was achieved by adding SoyChlor at 0 and 3.5% of the diet. c ACF = after cross-fostering. Birth wt total = is the wt of all pigs born alive and dead. Dietary cation-anion difference was achieved by adding SoyChlor at 0 and 3.5% of the diet. c Urinary pH = an average of two urine samples taken on two consecutive days from each sow 12 ± 3 d postfarrowing.
d Plasma Ca concentration is the mean from a sample that was analyzed two times.
pH compared to sows fed the PC diet (Table 3 .8). Plasma Ca concentrations were not affected (P > 0.10) by DCAD (Table 3 .8).
There were 27 sows fed the PC diet and 21 sows fed the reduced DCAD diet that were evaluated during their next farrowing (Table 3 .7). The sows that were fed the reduced DCAD diet during the previous lactation had an increased total number of pigs born (P < 0.08) and pigs born alive (P < 0.02). Reducing DCAD did not affect stillbirths, mummies, mortality, or live and total birth weights (P > 0.10).
Discussion Experiment 1
The results from Exp. 1 showed that feeding diets with reduced DCAD had little effect on sow and litter response variables. However, ADFI during lactation and overall was linearly increased as DCAD decreased in the diet. Yen et al. (1981) fed finishing pigs 4% CaCl 2, which decreased ADFI. Our results indicate a linear (P < 0.001) decrease in urine pH as DCAD is decreased in the diet. Urinary pH is the response that we used to determine the percentage of SC that would be fed in DCAD reduced feed intake, and the lowest DCAD that should be fed to lactating sows was 0 mEq/kg. After the pilot study, DCAD's of 0, 100, 200, 350, and 500 mEq/kg were fed. The authors reported that increasing DCAD had no effect on ADFI (DeRouchey et al., 2003) . Research in dairy cows and in growing pigs suggests that feeding diets with a negative DCAD decreases feed intake (Escobosa et al., 1984; Patience et al., 1987) . DeRouchey et al. (2003) reported that increasing DCAD reduced percent survivability of pigs and number weaned. In our experiment, results indicate that reducing DCAD (45 mEq/kg) tended to improve percent survivability of pigs and number weaned, but the effect was not significant. DeRouchey et al. (2003) reported that when DCAD is reduced below a standard C-SBM diet, sow's milk production increases, which may increase percent survivability in pigs. Overall, our results and those reported by DeRouchey et al. (2003) are in agreement. Dove and Haydon et al. (1994) fed sows diets with DCAD levels of 130.8, 161.2, and 250.8 mEq/kg and reported no differences in feed intake, days to estrus, percent survivability in pigs or litter weight gain regardless of dietary treatments. In our experiment, reducing DCAD significantly increased the number of days to estrus. Our results cannot be compared with those of Dove and Haydon et al. (1994) because they did not decrease acid-base balance below 130 mEq/kg. In our experiment, the highest DCAD was 140 mEq/kg. Acidifiers are not growth promotants. They are included in the diet for metabolic purposes such as bone metabolism, Ca metabolism, maintaining blood pH, and reducing urinary pH. (1998) reported that Ca concentrations in the blood decreased as DCAD increased. This response does not agree with our results. Our data showed that plasma Ca slightly decreased as DCAD decreased, but the effect was not significant. Jackson et al. (1994) reported that plasma Ca is similar among treatments regardless of DCAD or Ca% in the diet. Tucker et al. (1988) and Waterman et al. (1991) used dairy cows to investigate plasma Ca in response to high and low DCAD diets and found no relationship between the two. These observations agree with our results.
SUMMARY AND CONCLUSIONS
This research was conducted to determine if changing DCAD of a standard C-SBM diet during late gestation and in lactation would have an effect on sow productivity.
Experiment 1 was conducted to determine what percentage of acidifier would be adequate to reduce urinary pH. Reducing DCAD increased the number of stillbirths (P < 0.10). Reducing the DCAD linearly decreased urinary pH (P < 0.001).
In Exp. 2, changing DCAD did not affect (P > 0.10) sow growth or litter response variables.
However, DCAD decreased (P < 0.001) urinary pH. Reducing DCAD (45 mEq/kg) below a standard C-SBM diet (140 mEq/kg) tended to improve sow and litter response variables. Reducing DCAD tended to improve number of pigs weaned (P = 0.18), initial litter weight adjusted for mortality (P = 0.13), and percent survivability (P = 0.19), but these effects were not significant. In our experiment, reducing DCAD during the previous lactation improved some response variables in subsequent farrowings in sows. Sows that had been fed a reduced DCAD (45 mEq/kg) diet showed an increase in total number of pigs born (P < 0.08) and pigs born alive (P < 0.02).
In conclusion, decreasing cations and increasing anions can improve sow health and reproductive performance. These experiments showed that reducing DCAD reduced urine pH and some sow and litter performance variables were improved when compared to the other dietary treatments. Long term studies need to be conducted to determine if reducing DCAD throughout gestation would increase sow productivity. 
